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T-cell therapeutic approaches have come of age over the last 5 years and dramatically changed the
treatment paradigm for relapsed/refractory (R/R) indolent and aggressive B-cell lymphomas. This
consists of bispecific T-cell engaging antibodies (BiAbs) and autologous, ex vivo, expanded T cells with
a chimeric antigen receptor (CAR T). Both of these therapies result in target cell lysis independent of
T-cell receptor specificity and major histocompatibility complex presentation of a tumor antigen.1 BiAbs
combine the antigen binding regions from 2 different single chain antigen binding domains to form an
antibody construct binding, with one arm to a surface antigen on B cells, for example CD20, and the
second arm to an activating component of the T-cell receptor, CD3, causing cytotoxic T-cell activation
and lysis.

Tisagenlecleucel (tisa-cel), axicabtagene ciloleucel (axi-cel), and lisocabtagene maraleucel (liso-cel) are
the 3 CAR-T therapies currently approved in the United States and Europe to treat adult patients with
R/R large B-cell lymphoma (LBCL).2-4 In addition, axi-cel and tisa-cel are approved for R/R follicular
lymphoma (FL). Brexucabtagene autoleucel (brexu-cel), with an identical CAR design to axi-cel but
generated using CD4 and CD8 selected T cells, is approved for R/R mantle cell lymphoma and R/R B-
cell precursor acute lymphoblastic leukemia (BCP-ALL) in adults. All 4 CAR-T products are directed
against the same epitope on CD19, the B-cell lineage marker, and are second generation constructs
with an intracellular costimulatory region. They differ in their costimulatory domain, CD28 for axi-cel and
brexu-cel, responsible for early, rapid expansion with limited long-term persistence and 4-1BB for tisa-
cel and liso-cel responsible for greater long-term CAR-T persistence. The degree to which the CAR-T
construct affects clinical efficacy and toxicity outcomes remains unclear.5

Besides blinatumomab, a CD19-directed T-cell engager approved for minimal residual disease positive
and R/R BCP-ALL, mosunetuzumab and teclistamab are the only bispecific antibody constructs
approved for patients with R/R FL and R/R multiple myeloma, respectively. Subcutaneous epcoritamab
based on the EPCORE NHL-1 trial6 and glofitamab from the NP30179 study7 in R/R LBCL are
expected to be approved shortly with odronextamab currently progressing through phase 2 studies.8

Results from the pivotal phase 2 trials for the CAR-T products in LBCL along with real-world registry
studies from the United States and European groups are detailed in Table 1.2,3,9-14 ZUMA-1 has the
longest follow-up over 5 years confirming durability of response with axi-cel achieving a median overall
survival (OS) of 25.8 months with 5-year OS rate of 43%, whereas tisa-cel in the JULIET study had a
median OS of 11.1 months.3,15 However, cross-trial comparisons can be misleading because of dif-
ferences in study designs between ZUMA-1 and JULIET trials.5

Both the European and US real-world evidence consistently demonstrated in nonrandomized retro-
spective comparisons that axi-cel is associated with higher efficacy defined by objective response rate
(ORR) and complete response rate (CRR), corresponding to greater progression free survival and OS
in comparison with tisa-cel. The improved efficacy with axi-cel is counterbalanced with higher rates of
cytokine release syndrome (CRS), any grade immune effector cell–associated neurotoxicity syndrome
(ICANS), high grade ICANS (≥ grade 3) and higher 1-and 2-year nonrelapse mortality.10,11,14
ril 2023; prepublished online on Blood
version published online 27 September
s.2022009066.

rresponding author, Marion Subklewe

© 2023 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

R 19 5713

Delta:1_given name
Delta:1_surname
Delta:1_given name
https://doi.org/10.1182/bloodadvances.2022009066
mailto:marion.subklewe@med.uni-muenchen.de
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2022009066&domain=pdf&date_stamp=2023-09-27


T
a
b
le

1
.
E
ffi
c
a
c
y
a
n
d
to
x
ic
it
y
o
u
tc
o
m
e
s
fr
o
m

p
iv
o
ta
l
p
h
a
s
e
2
C
A
R
-T

tr
ia
ls

c
o
m
p
a
re
d
a
g
a
in
s
t
re
a
l
w
o
rl
d
e
x
p
e
ri
e
n
c
e
a
n
d
p
h
a
s
e
2
B
iA
b
tr
ia
ls

in
R
/
R

L
B
C
L

P
h
a
s
e
2
C
A
R
-T

tr
ia
ls

R
e
a
l-
w
o
rl
d
e
x
p
e
ri
e
n
c
e
o
f
C
A
R
-T

(a
x
i-
c
e
l
v
s
ti
s
a
-c
e
l)

P
h
a
s
e
2
e
x
p
a
n
s
io
n
B
iA
b
T
ri
a
ls

Z
U
M
A
-1

(a
x
i-
c
e
l)
2

JU
L
IE
T

(t
is
a
-c
e
l)
3

T
R
A
N
S
C
E
N
D

N
H
L

0
0
1
(l
is
o
-c
e
l)
9

U
K
1
0

G
e
rm

a
n
G
L
A

D
R
S
T

re
g
is
tr
y
1
1

S
p
a
n
is
h
1
2

F
re
n
c
h

D
E
S
C
A
R
-T

1
3
*

U
S

C
A
R
-T

c
o
n
s
o
rt
iu
m

1
4

E
p
c
o
ri
ta
m
a
b
6

G
lo
fi
ta
m
a
b
7

O
d
ro
n
e
x
ta
m
a
b
8

M
ed

ia
n
ag

e
(y
)

58
56

63
57

vs
63

.5
60

vs
61

59
vs

62
62

vs
64

59
vs

67
68

66
67

M
ed

ia
n
ve
in
-to

-v
ei
n

tim
e

17
da

ys
N
R

37
da

ys
40

da
ys

vs
50

da
ys

35
da

ys
vs

55
da

ys
41

da
ys

vs
52

da
ys

N
A

28
da

ys
vs

45
da

ys
N
ot

ap
pl
ic
ab

le

O
R
R
/C

R
R

82
%
/5
8%

52
%
/4
0%

73
%
/5
3%

44
%
/4
0%

vs
32

%
/3
2%

74
%
/4
2%

vs
53

%
/3

2%
60

%
/4
2%

vs
54

%
/1
9%

80
%
/6
0%

vs
66

%
/4
2%

52
%
/4
4%

vs
41

%
/

35
%

63
%
/3
9%

52
%
/3
9%

53
%
/3
7%

12
m
o
O
S
/1
2
m
o

P
FS

59
%
/4
4%

49
%
/
N
R

58
%
/4
4%

57
%
/4
2%

vs
44

%
/2
8%

55
%
/3
5%

vs
53

%
/2
4%

51
%
/4
1%

vs
47

%
/3
3%

64
%
/4
7%

vs
49

%
/3
3%

62
%
/4
2%

vs
59

%
/

32
%

N
A
(t
oo

sh
or
t

fo
llo
w
-u
p)

50
%
/3
7%

N
A
(t
oo

sh
or
t

fo
llo
w
-u
p)

A
ny

gr
ad

e
C
R
S
/

≥g
ra
de

3
93

%
/1
3%

58
%
/2
2

42
%
/2
%

93
%
/8
%

vs
74

%
/

8%
81

%
/1
0%

vs
65

%
/1
3%

88
%
/8
%

vs
73

%
/

6%
86

%
/9
%

vs
76

%
/

5%
85

%
/9
%

vs
39

%
/

1%
50

%
/2
.5
%

63
%
/4
%

53
%
/0
%

A
ny

gr
ad

e
IC
A
N
S
/

≥g
ra
de

3
64

%
/2
8%

21
%
/1
2%

30
%
/1
0%

44
%
/2
0%

vs
15

%
/4
%

44
%
/1
6%

vs
22

%
/7
%

42
%
/1
8%

vs
16

%
/5
%

49
%
/1
4%

vs
22

%
/3
%

56
%
/3
8%

vs
11

%
/

1%
6%

/0
.6
%

8%
/3
%

4%
/0
%

N
R
M

3%
0%

N
A

9%
vs

3%
10

%
vs

4%
7%

vs
3%

N
A

12
%

vs
8%

0.
6%

(IC
A
N
S

re
la
te
d)

0%
2%

LB
C
L,

la
rg
e
B

ce
ll
ly
m
ph

om
a;

N
A
,n

ot
av
ai
la
bl
e;

N
R
,n

ot
re
po

rt
ed

;
N
R
M
,n

on
re
la
ps

e
m
or
ta
lit
y;

P
FS

,p
ro
gr
es
si
on

fre
e
su
rv
iv
al
.

*T
he

Fr
en

ch
D
ES

C
A
R
-T

st
ud

y
us
ed

pr
op

en
si
ty

sc
or
e
m
at
ch

in
g
be

tw
ee

n
ax
i-c

el
an

d
tis
a-
ce

l,
w
hi
ch

m
ig
ht

af
fe
ct

co
m
pa

ris
on

of
he

ad
lin
e
fi
gu

re
s.

5714 COMMENTARY

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/7/19/5713/2083583/blooda_adv-2022-009066-c-m

ain.pdf by guest on 08 June 2024
Registry studies have consistently demonstrated a higher median
age for patients treated with tisa-cel, suggesting that clinicians may
choose tisa-cel because of perceptions regarding toxicity.10,11,14

Interestingly, the ZUMA-7 trial had a preplanned subgroup anal-
ysis which compared axi-cel to standard of care in patients aged
>65 years that identified that axi-cel achieved CRR and event free
survival outcomes similar if not greater than that in younger
patients, with similar toxicity levels in the overall population.16 Given
the high efficacy and a favorable safety profile identified in the
TRANSFORM trial, including median OS rate not reached with a
median follow-up of 17.5 months and low CRS and ICANS rates in
line with tisa-cel outcomes, liso-cel may be a preferred choice for
some patients.17 Currently, the main limitations with liso-cel include
an absence of real-world evidence to confirm efficacy and safety
and a more complicated manufacturing process with separate
CD4 and CD8 products, which can increase the chances of out-of-
specification products.

Each BiAb product developed for the LBCL setting comes with its
own advantages and disadvantages with respect to administration,
such as mosunetuzumab and glofitamab have fixed schedule reg-
imens, whereas epcoritamab and odronextamab are continued until
disease progression or toxicity is detected. Regular 3-week
administrations until disease progression is difficult for maintain-
ing the patients’ quality of life in comparison with the one-and-done
approach with CAR T. Mosunetuzumab and epcoritamab have
subcutaneous formulations, which may be convenient to administer
in the outpatient setting.18

The efficacy of the BiAbs in R/R LBCL are promising, with sub-
cutaneous epcoritamab and IV glofitamab and odronextamab
demonstrating response rates nearing those of tisa-cel in
JULIET.3,6-8 This is highlighted in Table 1 using the headline figures
from the phase 2 bispecific trials in LBCL, albeit it includes some
patients treated after CAR-T relapse. Longer-term data is neces-
sary to confirm durability of response with real-world evidence
needed to verify whether it proves to be a viable alternative to
CAR T.

A recent phase 2 trial of fixed duration IV mosunetuzumab in R/R
FL for 8 to 17 cycles based on the response demonstrated an
ORR of 80% and CRR of 60%, which is comparable with an ORR
of 94% and CRR of 70% with axi-cel in ZUMA-5 and an ORR of
87% and CRR of 73% with tisa-cel in the ELARA trial.19-21

Notably, the median age of participants for all these studies at
~60 years is much younger than the real world R/R FL population.
Given the follow-up is <18 months for these studies, it is not yet
possible to draw conclusions comparing the durability of efficacy.

The BiAbs are potentially an alternative to CAR T in R/R disease,
particularly in older patients, because they have relatively low rates
of high grade (≥grade 3) CRS and ICANS, and off-the-shelf
availability has convenience for use in community oncology
setting. However, initial community use may remain impractical,
given the incidence of grade 2 CRS events, which may necessitate
hospitalization in 15% for epcoritamab, 17% for mosunetuzumab in
FL, 12% for glofitamab, and 19% for odronextamab in LBCL
cases.6,7,19,22 Reassuringly, most BiAb-associated CRS events
occurred in cycle 1 during step-up dosing soon after infusion, from
within a few hours to the next day, with a short duration lasting from
1 to 3 days, rarely requiring intensive care unit admissions with
usually no requirement for vasopressor support or high flow
10 OCTOBER 2023 • VOLUME 7, NUMBER 19
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oxygen.7,19,22,23 One potential solution would be to treat patients in
cell therapy centers for the first 1 or 2 cycles, followed by a tran-
sition to the community oncology to continue therapy.

A challenge is determining the order in which to treat R/R LBCL:
CAR T, BiAbs, or autologous stem cell transplantation. ZUMA-7
and TRANSFORM, using axi-cel and liso-cel, respectively, found
that CAR-T therapy is superior to autologous stem cell trans-
plantation at the first relapse of LBCL in response rates and long-
term survival.24,25 The BELINDA trial found tisa-cel to be equivalent
to autologous stem cell transplantation in this setting, but there
were concerns about the methodology of all 3 trials that make
comparison difficult.26,27 There are limited data on the sequencing
of BiAbs after CAR T for relapsed disease and vice-versa. In the
BiAb trials, 11% of patients with R/R LBCL were treated with
epcoritamab, 40% with odronextamab, 12% with mosunetuzumab,
and 33% with glofitamab after CAR-T relapse. Reassuringly, these
patients showed similar responses to patients with no prior CAR-T
exposure.6,7,22,28 The reverse may be true with BiAbs used as a line
of therapy before CAR T, given that they target different tumor
associated antigen, CD20 for BiAbs and CD19 for CAR-T cells.
This approach has recently been described by the French LYSA
group, and more evidence is expected in the future as BiAbs will be
used as earlier lines of therapy.29

The case for BiAbs as an alternative to CAR-T therapy in R/R
lymphoma is compelling, given less frequent toxicity and the
capacity to manufacture to scale an off-the-shelf product, thus,
providing rapid access. However, the survival data with BiAbs
remain immature in comparison with those of CAR-T therapy,
which has a wealth of evidence proving durability in the ~40% of
patients expected to have a long-term cure.

Perhaps the question of greatest interest is how to determine the
order in which to sequence these therapies. The durability of CAR
T in comparison to immature survival data with BiAbs currently
favors a CAR T first followed by BiAbs for progressive disease.
Given the modest efficacy of standard frontline chemo-
immunotherapy for LBCL and FL, the sequencing question is best
answered by using prognostic tools and identifying patients at high
risk of relapse and then offering them CAR T or BiAbs at an earlier
line of therapy. An example of this approach was applied in the
ZUMA-12 trial in which axi-cel was used at interim therapy
response in the first line setting resulting in excellent outcomes.30

Similarly, there is a great deal of interest with multiple studies
combining BiAbs with conventional chemoimmunotherapy or novel
therapies, such as polatuzumab, immunomodulators or Bruton’s
tyrosine kinase inhibitors, for earlier lines of therapy for patients
who are treatment naive and in the R/R setting to improve
response rates and survival. We are yet to identify the best com-
bination approach incorporating either BiAbs or CAR T in frontline
therapy for the minority of patients who are at high risk of early
relapse of aggressive and indolent lymphoma. However, the
promise of this future appears exciting.
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